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‘‘Snorkeling’’ of the Charged Sidechain of a Transmembrane Peptide as
Directly Observed by Double Electron-Electron Resonance Experiment
Matthew Donohue, Maxim Voynov, Sergey Milikisiyants, Alex I. Smirnov,
Tatyana I. Smirnova.
Chemistry, North Carolina State University, Raleigh, NC, USA.
While hydrophobic amino acids constitute the bulk of transmembrane protein
domains, polar and even charged amino acids are not uncommon and often
play significant roles in membrane protein function. Positioning a polar residue
within the bilayer core is highly unfavorable thermodynamically; however, the
free energy penalty could be minimized by ‘‘stretching’’ the side chain of the
amino acid to bring the charged moiety closer to the bilayer surface while keep-
ing the rest of the side chain inside the hydrophobic core. This biophysical phe-
nomenon is known as ‘‘snorkeling’’. Here we report experimental observations
of ‘‘snorkeling’’ for nitroxide-modified side-chains upon protonation, its
dependence upon the location along the transmembrane peptide helix, and
how this snorkeling is affected by the membrane electrostatic surface potential.
pH sensitive spin labels, either IMTSL or IKMTSL (JPCB 2009, 113, 3453)
were attached to two cysteine residues positioned equidistant from the center
of the WALP peptide so that the primary sequence of each peptide is palin-
dromic, thus, ensuring symmetric location of the labels with respect to the
bilayer. The change in protonation states of the nitroxide was directly observed
from EPR spectra. The distance between two nitroxide moieties was measured
by Q-band double electron-electron resonance (DEER) experiment. Upon
protonation, the distance between the two IMTSL probes increased compared
to that of the neutral forms, by approximately 3 A˚ indicating displacements
of the charged nitroxide sidechain towards the polar head region. The
‘‘snorkeling’’ of the label was observed to be depth dependent - no changes
in the positioning of the sidechain upon protonation was observed for labels
located within 10-8 A˚ from the center of the bilayer. Supported by NSF-
0843632 to TIS.Platform: Protein Structure and Conformation II
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Solution Conformation of the Unbound HIV-1 Protease Derived from
Residual Dipolar Couplings Measured at Ambient and High-Pressure
Conditions
Julien Roche, John M. Louis, Ad Bax.
National Institutes of Health, Bethesda, MD, USA.
The flexibility of the glycine-rich flaps are known to be essential for the cata-
lytic activity of the HIV-1 Protease but their exact conformations at the
different stages of the enzymatic pathway remain yet to be determined. While
hundreds of crystal structures of protease-inhibitor complexes have been
solved, only a dozen of unbound protease structures have been reported to
date. These structures reveal a large heterogeneity of flap conformations,
ranging from closed, to semi-open and wide-open conformations. We used
here NMR spectroscopy to determine the flap orientation of the unbound pro-
tease in solution. The conformation of the flaps was determined by comparing
the measured residual dipolar couplings to reference crystal structures repre-
senting the closed, semi-open and wide-open states. The data clearly indicate
that the apo protease adopts a closed conformation in solution, similar to an
inhibitor-bound state.
We also compared the effect of high-pressure on the flap conformations of an
apo and inhibitor-bound protease by measuring backbone residual dipolar cou-
plings up to 1 kbar. A rigid-body motion model was derived to characterize the
pressure-induced conformational changes of the flaps. While a minimal rear-
rangement of the flaps was observed in the case of the inhibitor-protease com-
plex, we observed a significant pressure-induced rotation of the flaps in the case
of the apo protease. These results highlight the intrinsic conformational flexi-
bility of the unbound protease and offer a new perspective to understand the
mechanism of ligand and inhibitor binding.
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Understanding Side Chain Conformational Variability in Proteins
Asmit Bhowmick1, Teresa Head-Gordon2.
1Chemical Engineering, UC Berkeley, Berkeley, CA, USA, 2Chemistry,
BioEngineering,Chemical Engineering, UC Berkeley, Berkeley, CA, USA.
We present an advanced Monte Carlo method to generate protein side chain
conformational ensembles to understand how ensemble properties like entropy
can explain the improvement of a marginally performing enzyme. The Monte-
Carlo Side Chain Entropy (MC-SCE) method combines the power of knowl-
edge based rotamer libraries and a physics based all-atom force field
(Amberff99SBþGBþHPMF) to describe side chain rotamer statistics undercooperative packing. The method was validated by comparing it’s prediction
with alternate side chain configurations seen in high-resolution X-ray crystal
structures as well as c1 J-coupling constants determined from solution NMR
for a large set of proteins. Furthermore, it was observed that side chain entropy
can be crucial in identifying native folds from a set of decoys. We have applied
the MC-SCE method to understand the two-order improvement in catalytic
activity of the designed KE07 enzyme by directed evolution. Currently, there
is no rationale behind most of the mutations made and cause for catalytic effi-
ciency that is observed. MC-SCE calculations on KE07 through the rounds of
directed evolution suggest a systematic rigidification of the protein scaffold
manifested in side chain entropy values and decorrelated motions with the cat-
alytic residue quantified with mutual information. Finally, I will talk about how
the MC-SCE analysis can be used to predict further mutations that improve bio-
catalytic performance.
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Navigating in the Protein Universe
Sergey Nepomnyachiy1, Rachel Kolodny2, Nir Ben-Tal3.
1Department of Computer Science & Engineering, Polytechnic Institute of
NYU, New York, NY, USA, 2Department of Computer Science, University
of Haifa, Haifa, Israel, 3Biochemistry and Molecular Biology, Tel Aviv
University, Tel Aviv, Israel.
How are proteins related to each other? Which physicochemical considerations
affect protein evolution, and how? Forming a global picture of the protein
universe can help address these, and similar, questions. We study the evolu-
tionary relationships among a representative set of 9,710 protein domains,
taken from the SCOP database. We align all-against-all domains, searching
for significantly-sized shared segments, referred to as motifs. These motifs
have similar sequence and structure, and thus are indicative of evolutionary re-
lationships among the proteins. The results are presented as a similarity
network, in which edges connect domains that share a motif. Using reasonable
similarity thresholds, the network manifests a large connected component, as
well as many isolated ‘islands’, revealing the complex nature of protein space,
which includes continuous and discrete regions. Overall SCOP domains of the
all-alpha, all-beta and alphaþbeta classes, in which alpha and beta elements do
not mix, populate the discrete region, while alpha/beta domains, with their
alternating alpha and beta elements, populate the continuous one. The network
can be interpreted as a collection of evolutionary paths in protein space. The
large amount of paths within the alpha/beta class suggests that it is particularly
easy to add and delete motifs between them. Apparently, evolution took advan-
tage of this property in order to design new proteins with novel functions. This
is the first study that combines sequence and structural similarity between pro-
teins within the context of a network to provide a bird’s eye view of the protein
universe. The network offers a natural way to organize and search in protein
space; we provide tools to this end by integrating Cytoscape with PyMOL
and other molecular viewers. They could be used to theorize about protein evo-
lution, suggest evolutionary pathways between domains, and maybe also stra-
tegies for protein design.
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Protein Evolution across Fold Classes: A 3-a-Helix Bundle can Switch to b,
a/b, and aDb Folds by Stepwise Mutation
Lauren L. Porter1, Yanan He1, Yihong Chen1, John Orban2,
Philip N. Bryan1.
1Institute for Bioscience and Biotechnology Research, University of
Maryland, Rockville, MD, USA, 2Institute for Bioscience and Biotechnology
Research, University of Maryland, Department of Chemistry and
Biochemistry, Rockville, MD, USA.
The mechanism for the evolution of new protein folds remains obscure. Recent
examples of proteins with high levels of sequence identity but different folds
have given new impetus to the hypothesis that proteins can evolve via stepwise
mutation. Few examples of these metamorphic proteins are available, however,
concealing the number of conformational alternatives accessible to a given
fold. Here we show that stepwise mutation can switch one fold, a 3-a-helix
bundle, to three radically different conformations: b-sheet, a/b/a-sandwich,
and a/b-grasp. Specifically, we engineered three variants of the human serum
albumin binding domain of protein G (GA, 3-a-helix bundle) to have >50%
sequence identity to three other proteins: a subdomain within outer surface pro-
tein A (OspA, b-sheet), a subdomain within maltose binding protein (MBP,
a/b/a-sandwich), and the IgG-binding domain of protein G (GB, a/b-grasp).
Additional modifications to the sequences of these alternative folds yielded
three fold pairs with high levels of sequence identity: 77% (GA-OspA), 80%
(GA-MBP), and 98% (GA-GB). This network of switchable folds links all
four major fold families, mainly a (3-a-helix bundle), mainly b (b-sheet),
a/b (a/b/a-sandwich), and aþb (a/b-grasp), demonstrating that stepwise
204a Monday, February 9, 2015mutation can switch one protein fold to multiple disparate conformations.
Furthermore, cross-pair sequence identity levels are consistent with identity
cut-offs determined from the PDB: pairwise sequence alignments of all GA var-
iants are>40% identical, while pairwise sequence alignments of the three alter-
native folds are <30% identical. Together, these results demonstrate that
stepwise mutation can induce one parent fold to spawn multiple new folds in
a way that is consistent with observations of experimentally determined protein
structures.
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Resolving Conformational Switching of AAAD Protease FtsH using
Single-Molecule FRET
Martine Ruer, Philip Gro¨ger, Nadine Bo¨lke, Andreas Hartmann,
Michael Schlierf.
B CUBE – Center for Molecular Bioengineering, TU Dresden, Dresden,
Germany.
FtsH is a homohexameric AAAþ protease embedded in the prokaryote mem-
brane, where it recognizes, unfolds, translocates and lyses protein substrates to
be degraded and is essential for cell viability. Structural data of Thermotoga
maritima FtsH in an ADP and ATP-bound state showed a large conformational
change between both nucleotide conditions. Current mechanistic models in-
ferred from the structural data assume a coupled conformational change with
ATP consumption and, by extension, protein unfolding. Interestingly, bulk
assays indicated ATP-independent proteolytic activity. Here, we present
single-molecule FRET data reporting in real-time conformational changes in
FtsH. Single FtsH monomers were labeled with donor and acceptor fluoro-
phores and co-encapsulated with unlabeled monomers in unilamellar vesicles.
These vesicles were surface immobilized, such that single FtsH hexamer activ-
ity could be observed over tens of seconds. We present data on the cooperativ-
ity of the six subunits during conformational changes in the absence and
presence of degradation substrates. Interestingly, conformational changes
occurred in the presence and absence of ATP indicating a Brownian ratchet
mechanism for FtsH. Point mutations including a proteolysis deficient variant
and a single point mutant found in a human homolog paraplegin causing spastic
paraplegia were studied.
1022-Plat
Anti-Prion Ligand Binding Promotes Native PrP Folding Over Misfolding
at the Single Molecule Level
Krishna P. Neupane, Amar Nath Gupta, Negar Rezajooei,
Michael T. Woodside.
Physics, University of Alberta, Edmonton, AB, Canada.
Ligands that bind to the prion protein, PrP, and prevent the spread of the
diseased state have been discovered, but their mechanism of action remains
uncertain. Determining anti-prion mechanisms may provide insight into the
still-unknown means by which native PrP is converted to the infectious form.
To explore the effects of an anti-prion ligand at the molecular level, we used
force spectroscopy to study how a tetrapyrrole known to have anti-prion activ-
ity, iron(III)meso-tetra(N-methyl-4-pyridyl-prophine) or Fe-TMPyP, alters the
folding behavior of individual PrP molecules. Single PrP molecules were
unfolded using optical tweezers in the presence and absence of Fe-TMPyP.
Ligand binding to the native structure was found to significantly increase its un-
folding force. Not only did Fe-TMPyP binding stabilize the native state as ex-
pected from ensemble binding studies, but analysis of the unfolding force
distributions revealed that Fe-TMPyP binding altered the nature of the transi-
tion state for unfolding the native structure: the energy barrier moved closer
to the native state, making the transition state more compact, and the barrier
height increased. Unexpectedly, Fe-TMPyP was also able to bind to PrP
when it was unfolded or only partially folded, thereby delaying the normally
rapid refolding into the native state. Probing the effects of Fe-TMPyP on
inter-molecular interactions by measuring PrP dimers revealed that ligand bind-
ing promoted the formation of the native structure in individual monomers, pre-
venting the formation of a thermodynamically-stable misfolded dimeric state.
The ligand thus promotes native folding by stabilizing the native state while
at the same time suppressing interactions that drive the formation of stable
aggregates. These results suggest parallels between pharmacological chaper-
ones like Fe-TMPyP and cellular chaperones.
1023-Plat
What Computational Methods can Teach us about the Alzheimer-
Protective Nature of A2V- and A2T-Mutant Amyloid-Beta Oligomers
Jessica Nasica-Labouze, Bogdan Tarus, Phuong Nguyen,
Philippe Derreumaux.
Laboratoire de Biochimie The´orique, CNRS UPR9080 - Institut de Biologie
Physico-Chimique, Paris, France.Unlike the large set of risk genetic mutations causing the familial form of
Alzheimer’s disease (AD), recent mutations in the Amyloid-b (Ab) protein
have been discovered to confer protection against AD.
The A2V mutation is such a protective mutation in its recessive form only (i.e.
mixed with wild-type (WT) Ab) by preventing the Ab-WT peptide from form-
ing fibrils and toxic aggregates while, surprisingly, the A2V mutation in its
dominant form (pure Ab-A2V) becomes more potent than Ab-WT and displays
an increased toxicity and self-aggregation propensity [1]. Accounts of another
protective mutant, A2T, (in both its recessive and dominant form) have also
been reported [2]. While these two mutants reduce the production of Ab deliv-
ered in the brain, this is not enough to clearly explain their beneficial effects
against AD.
We aim here to understand the impact of these mutations at a molecular level
via all-atom molecular dynamics simulations to follow up on the promising re-
sults previously obtained computationally for the Ab(1-28)-A2V monomer,
providing a first look at the mechanism behind this protective mutation [3].
Now studying four dimer systems (WT-WT, WT-A2V, A2V-A2V and WT-
A2T) and two tetramer systems (WT-WT and WT-A2T), we are able to
explain, via extensive conformational searches and detailed free-energy calcu-
lations, how a single-point mutation at the position 2 of Ab is sufficient to
induce protective or potent properties compared to the Ab-WT. These first
computational results on the A2V and A2T mutations demonstrate that their
protective (or potent) effects are encoded already at the dimer and tetramer
level.
[1] Di Fede G et al. (2009). Science, 323(5920), 1473-1477.
[2] Peacock ML et al. (1993). Neurology, 43:1254.
[3] Nguyen,PH, Tarus, B and Derrreumaux, P. (2014). J Phys Chem B,
118:501-510
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NMR Structure Reveals Novel Interactions between Intrinsically Disor-
dered PEP-19 and Calmodulin
Xu Wang, John A. Putkey.
Biochemistry and Molecular Biology, University of Texas Medical School,
Houston, TX, USA.
Background: PEP-19 has no known intrinsic activity other than binding pre-
dominately to the C-domain of calmodulin (C-CaM), yet it is implicated in
numerous cellular processes. We showed that an acidic sequence in PEP-19
is required to greatly increase the rates of Ca2þ binding to C-CaM. Importantly,
the acidic sequence is also required for PEP-19 to sensitize HeLa cells to ATP-
induced Ca2þ release.Goal: The goal of the current study was to determine the
high-resolution NMR solution structure of the PEP-19/apo C-CaM complex.
Results: Apo C-CaM adopts a semi-open conformation when bound to PEP-19,
with the helices E and F of Ca2þ binding site III showing the greatest change in
angle relative to free apo C-CaM. The conformation of Ca2þ binding loop III is
similar to that in free apo C-CaM, but loop IV adopts a different conformation
with increased conformational exchange when bound to PEP-19. Residues 1-29
in PEP-19 remain disordered when bound to C-CaM, and are thus accessible for
potential interactions with other proteins. The IQ motif in PEP-19 adopts a
well-defined alpha helix that binds to a hydrophobic groove in apo C-CaM.
The C-terminal part of the acidic sequence is alpha helical, but the N-terminal
portion (aa 28-36) forms loop and coil structures that are stabilized by interac-
tions between Ile32 and Met34 in PEP-19 and hydrophobic residues in Ca2þ
binding site III of C-CaM. This allows acid side chains in PEP-19 to extend
toward the solvent to greatly increase negative charge density near site III of
C-CaM.
Conclusions: The structure suggests that the acidic sequence in PEP-19 mod-
ulates Ca2þ binding to site III of C-CaM by direct interactions and/or electro-
static steering of Ca2þ, but that allosteric effects increase conformational
exchange to modulate Ca2þ binding to site IV.Platform: Protein-Nucleic Acid Interactions II
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Oligomerization Kinetics of ORF1p is Correlated with Line1 Retrotrans-
position
M. Nabuan Naufer1, Anthony V. Furano2, Mark C. Williams1.
1Northeastern University, Department of Physics, Boston, MA, USA, 2The
Laboratory of Molecular and Cellular Biology, NIDDK, NIH, Bethesda,
MD, USA.
ORF1 protein (p) is encoded by the long interspersed nuclear element-1
(LINE1) retrotransposon. LINE1 replicates by converting its transcript into
genomic DNA, a mechanism that can also similarly process some host gene
transcripts. LINE1 activity has thereby greatly expanded mammalian genomes
